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[ f 2 ] tt^Jl 1 \, , 

#^<7)^f7'7'n >y^(c:^i^T. -f-ixm^f7':/n>y^<:o 

ryxj^y9m.^u^j^^Lfz±x\ RTLia^tcj:o. 

ft. 

[is^3S4 ] RTum^tLfzmmm^^m^co^r 
y'a ^y 9 (^z^w\Lfz±x\ z.ti^'^ryya^y^mzmm 

'M^^< ti>9t3^y 9^mi:Xtifzmm^mzJ: 0 . late 
^^yya y^^irZ^ iryyn>y^f^ytxc7)-r >r l^-f 5: 

iiaiHigs^iuie^iiicco^f yyo ^ i m(r^m(^j^xR 

HUiE^^-^T^O y^S^N'Xx^f l->fMB^S;{?-\ 

^m^m/yry^yv\^-x±,\,zh^m.^m^b. z 

HUie#-»^7'7'C7 -y ^ h . *tjef -g) H?iB-^yrn ^y 



I ms^ 7 ] 6 V ^x . 

(rzx^xmn^ti^ z b ?:mkb 'ti>mm^&mm. 
I m^m 8 ] m^m e tc^^ v ^x . 

izx^xmfr^ir^ z b ^mib -thmm^^m. 

[000 11 

9i^'t^i.si<7yRTLimifza>mm^^'nmbm 

mizm 0 . m^co^yyr:^ y 9i:^h L S I(7)RT L 

tmi.zi:hmm^^iimb^m^zmth . 

[0002] 

gn Wave Magazine j 1999^5^ -^(p36-p43)*<:0:S:Mtc:lB 

^$ixTv^i>j:a(3. i^si\:zmi^^tihm^(omm± 

«$-RTL (Register Transfer Level) Ifi^L. Zcr^K 

Ti.im±.xwm^m-hzb\izx^ . ^'T'^^Ls 
\^dmM{^mi)-jK<mm^tihXoi^ztp->x\^h. 

[00 03] ^ZX\ S-r. ^ORTLie^tCoV^T© 

mzmm^hb. zzx\ ms\t. RTLisaitcj:-s,L 
sim%(7>9m.y^—<^—mxhhif. z(r>^^^ 

(^Xol^z^ Xr-'/TS l:f)^^Xi^yT8 4tX(Dmmi^z 
^-yX\i^h. 

[00 04] -eLT. Zco^i^^ trx'r-yTSl 
X\ LSI <7)jltg&a^JgO^V^RTLiB^Ti§ftL. 

^ti^x^^^^^mn^^. mzxf'-yrs2x\ 

[000 5] |gtC>?.x>yr83T\ y-h^-^yhOXh 

itz^ xr-^/y'SAXiii. zco^x^^-^^-yf^zx^ . L 

s ii:mm^h(^xhh. 

[00 06] mz. S9-S1 3^;iiOs mm^&mm 

'eix^cftS'^^jaaoai:^-e$>^y-h:t-y 
xv{,z-:>\^xm!^R\^. mz. zfii^iim^-^tzmm^mz 

ov^TlffiHB-r^, 09ii:. ZZX\ ^'f)Vb Lfzm^ 

[0007] i-r. [a9Ol^T{i:lHlSSAC0^^c0i&^ 0 
Sr^i:)L. module @S8« (.-K- X h ) i: V ^ 3 if^dS 
a«T'S)-S»o <J:C. 2^T--4^f^i-?•<^-ri^Aaifi^^ai: 
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2^T: input A:^fi-tUXh; 
3^T : output m:f3m^ U X h ; 
4^T : wire ^gPff-^UXh; 

[0 0 0 8] 5^i7'^7Wi'ttl^'ttaT<OXo 

5tT: A:^in^KKLT. i I \,Z^^-t h -i > r^- ^ 
6ff : A:^i2SrRfeLT. i 3tCffi:?3't*-&^ Wn'-^ct) 

[0 0 0 9] S^t-l ItrtifSlim^FFC?!; 

i^LTV^^o l«lb< 1 2tT'-'l 5ff(i. StT'-'S*^^!"! 
fB1i^^=^FF<5^ie^T'J>^3«?^\ ddtii. A:tl;&^'i 

hFF^^hLx^^h. ^Lx^ iemm^mk<^m 
looio'i^mm^i. mstfo^n^y^^iShAas:^ 

V'-FF^. FF — FF^. FF'-ai:^e>^C7)fi-tS 

[00 1 1 ] lai 0c7)lffli^ov^^^T\ ^iiii. 
:^n^y^clktcja»il Oi' J^^cO'^u^v9i:m^LX^ 
0. C:cO:?'o»y^clkt::l5iW'r^FFH<?5fi-^607-Vl/ 
>f 35;n 0-^y#mTi::^-g)[IIK$r^^ ct ^-^^^y-Mi 
f&^-r^^^c^J^cOr >f l-^ a® 1 1 0 1 S:-^;c^ t>c7)-C-J> 

So 

[0 0 1 2] ai 0c?D2ff{iA:^x>f u>f»J*?;T\ Cl^l 

ofi'&iiig&i 1 1 iti^hi>:zt^mML-. u-^x^ 

h iiitf^h 9c\k\,zmmt^ F F ^ T'Ot" 

>{i)<A{^\ 0-6)^jmXT^z^^hm^^^hi.o\^z 
mm^^^y-MzmT^cr^f -fl-'^g^ 11025: 

So 

[0 0 13] 3ff.«ai:^i7'>r u>f««J*??T'. Clixii. dliS 

fate. i'^yS'^c7)T>f i^-f^j^offi-^iHissi 1 1 2ifh 

hZt^MMX^. iP^D y^J^clktClSlW-r'SFF 

35/^^>ai^j;K— hout^T'<7)T>f V^t^9(-=^ 1 0 - 1)-^ 



^^or >f i^-^ BMi 1 osm-th. 

[00 141 xr^'^/ns^'^^y^tm, <lcO^#cOLS 

^'y^)(nnM<r>—mk^\^fz%><nx*hh. 

[00 1 5] ^LT. l2l9tC5^t" IIIffiA<7)RTLie^ 

Sr. 01 OcO'^fiK$Jj$^^lr-5-;tT|j|S'^^L/c±T\ Hi 

h ^-y h L/::c7)3^?^ia 1 3 tc^-^ h * / Mi ;^ 

[00 16] ^COHI 30y-h^-y h htC*3V^ 
i-r, ItT— 4fi^ii:. 09cORTLfBj^i:[5ltT\ 

^^T-Jb^o 5^T-9^T{i:^;^(7)S^^^^^^'r 

[00 17] ^-f. 5^Tii. HI lORTLie 

Wizhh'm^(r>^(n^ 1 1 2 1 s-. 01 2^T- 

^ y n >r 7" ^ U J) ^ -r y ^ N'- ^ i nvd 2 -tr;l'T''>f V 
X^l-'-^aSl 1 0 2tCj:0. A^Jin;^>/^FFC0 

^ y o i/'^ >f r ^ y tcj) ^ [5l tMfgS: t o-lr;Pinvd 0 — 
3cOd^>. l^^:?!?^'3^yS'^Tj>Sinvd2S:MtR-r 

[00 18] Mzb'i'ilt. HI UcJ)SRTLfe^A-'^ 
i)-tlH]{^<7)-f 1 12 2^. HI 2c7)x^yoi;^ 

amiioitcio. FFmcof>(iy^^noi-y^^i:j. 

*> o-feyPi nvd 0 — 3 c7) 0 "^Tg t> ffi«;^vh $ V M nvd 0 S: 

[00 19] im^. Hi iizhhRTLMmti'^mh^ 

y^^—:$^ 112 35:. Hi 2(r>^^ yxJi^y^ 

10 3t;iJ:»9. FFm<^f^ly^ti^9i'ymXT(fZ^^ 
Xd. r'^yn-Jy^yy^J(rZS)i>mtm^i:i>-:>'^^U 
invdO— lOd-^. MS:;!?^'— #/jN$VMnvdl ^MiR-t 
l)o 8ff-9tT(i. HI llzh^RTLim-^'^miy^ 
FF$:. mi 2(07-^ y^i^y^ y^yVlfZh^FFT^ 

yx 9 yMt Ltz h<r>x^hh. 



« 



[0020] a±.mmLtiXo(,z. mm^m^mma. r 

i^tc. LS I ^Sii'ri>rn-feXC7)T"::^ynS/^>f 7" 

[0 0 2 1 ] tz^x\ i^mm^^RTLM^i^zx^mm 

[00221 ztiiti. mm^^^y-^i^TiZ^t^^^^ 
ztt. RTL.Mim^tifz^mzmiEf)^h->fcm^. m 

J:V^COT\ TAT (Turn Around Ti^W^m^tlh 

[00 23] ^ cT 6T\ :i<7^^m^mz^nh^yy'u 

[00 24] S-r. ^fT^yo.y^^F^cOFF-FFrarO 
[0 0 2 5] i^h^fVyO^^-^yyo^y^rtcT^FF 

[0 0 2 6] ZZX\ Z<7)Aaii^y''^iy^m^(0i^mz 
1 0-2 1428-^^#E(cra^^fLrv^S rpgif^^V. 

mm^^^. ^^(r^^yy^ y^ifZ^th^tx&ti'f^t 

[00 27] 

(r>t^^^zh hFFt *|*tc*) F F tm^(r>^^^^ «y 



!(4) 001-357090 (P2001-357090A) 



[0 0 28] ^-r. Aai:^T^l^-r»J*!;€rffi^L?tt}^S»J 

D.y:j^SM-x^fr(7)fgjafliii^T^L-^S:^^;ei^'^. >e 
[0029] u^x. mmmx'it. i?-y7'n'y^^y>? 

1 
i 

[0030] fi!oT. ^-r. A^icJ: 0 Affi^bx ^ 1/^ 

mm^^'thXot:zLfzij^mm(7^m^. -^-yro^y 

d^cLT. AtfJ:^x^l^-fSfl$«;&f^^t^Jtix{f^:i^>^: 

[003 1 ] x^^'f^ \^^m^^^^m^m-h 
RTL,%mt^h^^tih(r>x\ mm^mmm.'^mm 

(7:^^i\Li^^.\^fzi:,cot\i'^j:-yX'H^'f. i&mVXt^zm 

m<^m^mmt^m\iLfz^ . m^^j:umi)^4-7^htLfzm 
^m:hmmxtfz^<nmK^'^:xtfimm^ti^j:t^-> 

fz^^ht\^oWimt^h->fz. 

[0032] *^HBcoa&^(i. ^Xc^^'^XCO'f ^ 

(;z Lfzmm^&irmRt/mm-^&ms^mm^h ztx- 

[0033] 

iwm^mm-htzisbay^m ±M^^m±. rtlib^ 

iiXfz^mm^^^Wi<^'^y'^x:i -y 9 \^Z^m\^fz±X\ 

zti^-^y-ra ^mi.zi^m^^'thikm^jgUfmzis 
v^T. 'y^<ti>9uy9^mi:?jxfzmm^mzx 

>r i/-f S: smmifzm-^itfh^yru «y ^ f^m-xx ^ i^^ 

PS*aa^ . < i: L ^ n V ^ ^mi: Tdxtzmm-^fS. 
J: D , HuEi&aillSS h Mi E«SS:«0-!?-r7'o -y ^ <^ 1 fi 

[0 0 34] ZZX\ mii^yrn^y^^m^^XT'^U^ 



[00 3 5] Mtc. ^CIT. mti^rru^y^^^^y.f 

^iXy-immmtiK ^^vry^u y^mzmiiizm^n^ti 

co^^. ^yya-y^m^^y^cO'^mzXltitir'^ly'^m 
[00 36] 

i¥tm<^mM<mm^ vxy. :^%m\>zi:i^mm^mjm 
^sisicov^T. m7r^<rmmcoim\^ziiy)nm^zmmt 

zcr)^m\±^ ms^z^Lfz\^sim%yu—^(^mm:^ 
mms2\iZ^\^xm^^ixhi>(nx^hh. 

[00 37] -?-LT. c:c7)0i<7)5JUi:7n— li. rtl 

^<7^^mmz)^\^h^ry'u^v9n^^y^'f^ u-r tss 
mfizmr^nh^ryru y^mi^^x'f^xy-iwmmi s 

A^tlX^^h^ 

[0 0 381 ZZX\ ZtL^<09mi±. 

[0 0 3 9] >eLT. RTLie^l lb. 9m^(fZi^^ 
tlh^mT'-i$^. ^eixtcy-h^-y hyxM4iifhm 

i^(7)Mmim(,zmm$ti. ^^W(^zmtxmi2.itifz^m, 

ti^^tifz^-t^Zblz^j:^. 

[0040] mz^ Il2'-!l7tcj:0. ZcommBMlz 

i^it^ RTi.tiMf)mh-r\B\&bmm^i^zi^^tih^m 

x^mmi^z-y^^xmrn-r^. zzxi>±. ioom 

[0041] i-r. Il2(i. CKOHM^gST'RTLiBjS 

III8&2 fiS'^«^y-/l/;!?-'ffi;i^Sm<7)^fryn>y 
:J^A2 2t'!frro y^B2 35:T(aP^Ji^ LXi>h. 
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^2 2 K -tryn>y ^Ai7)ai^jb^>^2 2 2 i:1?'r7'n 
v;5^B<7)A^Jt'>'2 5 1 . ^^itc^fy'^ny i^Bcoai:^! 
t'>'2 5 2i:g±{ilHlS&cOilS:^jfy2 0 2;&V ^tl^fl 

[ 0 04 2 ] ^fr7"o^y ^p^yN'Xx^' l^^PS 

jaai 2tcov^TiJi0J-r^o ^c7)^^7'yo .y^[^y^•;?.T 
iH^JBLil 1 2 . -eix-eixco^T'Vo >y 9 Zlb 

^ O ^y ^ CT)^^:^^ ^ ^ yyXJ -y ^ C7)^T (7) F F N'X 

(-tr:r':/a^y^P^yN°x)<5DT^i--f Bg3^?>lt^$ix. Kii 

'rh^'<y^<^f>(i^^i)^^(omW:mifZiSr:s<iio(rz. zti 
i^coy^xiz^±ti^m-^mm^y-h^y\i'y9'^ri 

[0043] im^fzi. a tc. dcOHiteJ^STii. 1 0 

0MHz•^^6f^-s.llIB^^#-l)C7);^?>'afi^^c7)T^ loo 

MHz(7)^n7 y^^^^Afi'g)^h(c^O. fif-oT. 
rT'o y ^ |^^t~^T ^0 F F ^^7. (-y-yr n *y ^ 
X)<7^^<V>{^Wit\Q^mbt£ih. <iaLT. H 
2<5C>@mcMLTifyrn^y^l^T-f l^>fiS^Mai 2 

[0044] ^-r. ^f^T^O^y^ A2 2Tii. 112^2^ 
-TiotC. C:c7)4'«50FF24 1. 242. 243. 24 
4ratC$>-S»>^tXc7)ffl'^|lIS23 2. 2 3 3. 2 3 4tCO 

\izY-v^ y\:yy^t\,^ m3\iZ^^^^\iz^ ^tL^fL 

ffl^[3S&3 3 2. 3 3 3. 33 AliZWit^h . 
[0045] nmz. '^yy'uv9B23XH:i. m2lfZ 
^-tXol^Z^ dcOf^i^OFF 2 7 1 . 2 7 2. 2 7 3. 2 
7 4StC$)^>'tX<7)^'^IaI8&2 6 2. 26 3. 2 6 4CC 

ov^T. raa-r-£»'N";^x>f o^ymcie^< J: 

3 6 3. 3 64(,Z^^t'th. 

[0046] zzx\ c:co03(c:i>v^T. #ffi^igs&3 

32. 333. 334. 362. 363. 3 6 4l,zm^ 

^\y-(^-^<7)smm(z commit loi-ym ecjao' < x 
oi.zy-h^-/\z'yi^^tifzzbt:MML. am. 

[0047] zcob^. vyyxiy:^^J^X'f^l-'^M 

msmi 2(o9i^^mT$>h^yy^ ^^^-^Mi^^ 

lZ^mtX\^^ho «!oT. CC7)-»fyrn'y:;'F^>^N-XT>f 

u^mmsiStmi2i>i. ^^rrti-zi^mziiiLi^z^n^o 
zb:^n-^i>(7)x\ mm^miitt. 9m^m^mm-r 

Xr-f l-^PSSaai 2coiiWl:{i. ^Wcocvp^ m 

hy-i:^izm-hm^coiYnmifZ9i}tmi:mo^ 
i^f^zbi^zx^xmm^ti^. 
[0048] »:tc. ^ryn^y^^y^'^u^tmmmmi 



[0049] i^^^TzTu 9 A2 2X'\i^ A:^If>2 

2 1 t^Cyoyy r yr^^ h h iy-:^s±MzhhWL^'^m^ 

23 1. A:^t''V2 2 r>'r^h 
$I^.^^^FF2 3 K ai:^e>'2 2 2tC^i»7r>'-f 

2 tCM^ :7 r W y b V—:^<7^m^±tch F F 2 4 4 h 

[0 0 5 0] tfz. ^yyu^y^BX-li. A:^b'V2 5 

1 3^?^^t7)7T V-T^ b M/-X±tl$>Sffi^-^ii'EIS&2 

6 1 , A:^b'y2 5 i^^hcoyryr^y h hi/ coll 

.^?.^^^FF2 7 1. i±l:^Jb'>'2 5 2tcM-&7rV>f V 
M^-X±tzfc^ffl;^-g-ti:IlI»2 6 5. ffi:^b>'2 5 2 
tc^-g) :7 r y-^ y h f f 2 7 4 ^ 5: 

[00 5 1] m5i^Z7sk-rXd(rZ. ±fi[IllS&2 1 

tC. -^7^7'n y^A2 2tCft;tT'^7'ro-y^Ati^gP 
4 2 5:. ^yy^ >y ^ B 2 3 tCfti.T^f ^ Btf 

I^g54 3 $r^ix-riiU g±fl[|lIK<^Am^}*>^^ 

[00 52] ZCOt^^ V^yyxJy^cORTLMSj^i:. 

F F ,b t-^h—:>(rMmt\^zhh ct 3 t::f^S <I h i 

[0 0 5 3] >eLT. ^(7)J:otcLT^^Lfc'9-7'ya 
-y^rar ^ P-rp^IlIS§5 ltc>r^LT. f^S-^^^S 

8&oA:^by 2 0 1 ^ffi:*3b>'2 0 2tcm--l>Aai:^x 

[0 0 54] ^J;ttf. A:^Jby2 0 lc7DAtt5:^7'>r l^-f 

V2 0 1:?&^^>FF24 1 H>'N-X<7)'f >f l--^ BM(i7 

«lcoa^tC5£-:?< j:3tc. ffl-^HSS 2 3 1 

y-hv yb>^^$fL-S,. 

[0055] mmifZ^ ai:^by 2 0 2(OXaitiy'^ 
UmtLX. 9m^>(\y>{ = 3i-Jl&h^h}i. FF2 

7 i>(j>^ai:^jb>'2o 2^/N^xc7)7'>r u>f ^mt^i^y 

y-b-e-ybv^sn-l*. . 

[0 0 56] ^tz^ FF244tFF27 ira^N-Xti, 
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K23 5. 2 6 l30^>'-h-7 yby^$ix-|>, 

[0057] ;i(7ym^. m,±Mm^cr>K\^-)itf^mm^h 

31. 235. 261. 2 6 5(30V^T. BBii'r-&>'N'X 

-r >f u-f i)^^<DSmm(fZi5r^< X o iz^- h^-y l^yi^^ 

§fL. meirz^-tx 0 9 tc. ^ti^'tim^m^e 3 1 . 

6 3 5. 6 6 1. 6 6 bi^z^^t^h. 

[0 0 58] mmz. m4i,z^'r^mmmzi6\.^x . -9- 

yyn >y A«l^g54 2 i:lfy:/p ^y B«#gP4 3 S: 

T'^ T^o ^y ^ Ati^gU 6 2 i: o y^B^^ 
6 3 icA<xS;i . S 7 i^z^rm^^(D't^X<^m'^ 

mmtiK mmi'^^'<xr^^u>(^<^(DBmmizj5:-^<x 

atcy-hv-yby^'S^lTt^-h^-y h UXM 4S: 

[00 59] t^oT. ^0»J£?g®tcJ;ixJf. a5:^J$#L 
;^cy-h:t-y MIXM4 5:. RTLfffi*! 1 tcJ:Si& 

m^&nmm^twi t^mmm^^^Mm-it^tifzy- 

[0060] KLLcOi 0 tc. dOH^te^SCc iilif. -If 
y:^n ^y S^'N'XpSEIS&tz J: 0 . ^y ^ ra>'^•X 

2:. -y-rro.y^f^yN^xhLTffia^r^jtj^'T-^. 

'9-yya'y^ra>'N"Xco^^^3Aai^»T-r l--f0J*^;S: 

[ 0 0 6 1 ] fif . ffea-^^^y T^yo «y 

m^&y-/u(Dmti^+^3\^iti Lfz^yru ^y ^ra>'^' 

XcofiiS^t: S: 1 III<7)S!iaTit-S ^ ^^t^ . -If y y n ^y 
coi^^ ^ y^BmzjE-:^< X d Izy- h v >y ify^^tt 

fzm^i:. im(o9mx^i%^zti)n^^h. 
10 0 6 2} tfz. ±MmmBmirzj:tiii. ^ 

Sr. J*J£t--l>7nO'9-yyo-y^iy|^g8i:Afi§;i-g>J:3 

\iZi.fz<r^x\ ^y^vn y ^wi^'ix^ ^ \y>{mmm{izx 
h^y^u y ^m^^^^^com^mmz-DK^xcomm-it 

Sr. 7t<^RTLEmi^Z^^lzRm't^ZtifiX^h. 

[0063] ^t<ttz. ±Mmtmmizxti^£^ 
scpu^. m^^hf(mm.im\^xm^z'^t^:oz}it- 
[0064] letc. ±immm\^zi:ix{i. ^y^ru ^ 

hiy—y^Xi^yry^yvu—TsALi^z^^^y—vt. h 



!(7) 001-357090 (P2001-357090A) 



h. 

COO 6 5] 

:j'ia/'N°x<7)©^-ft5-iisic7)3iaiaT-ii^Trt!S<oT-, -9-:?' 
I., 

a 7 a — coSiH^HT A h . 

[112] *%Bflc7)-^J|J^.^,{cfcV^TIia^^l^i:^ 

[05 ] im^<r>-'mmw.z^ 'omi'^ixh^yy^ 
I., 



[07 } *^B3<?)-sis6?g.^,{cj; ^mn^ix^-^yyxn 

•y^^x-f U-<i^SS;Som3S^2:^t1KBB0-C-S> 
■5. 

[08 ] L s I <7>^yn~<7)--m^^-tm.mmx'A 

[010] RTL|SaiCt5(t-S-^^$IJf?>«0^HBaT'* 
[01 1] RTLfea:T'^i>$ixfclMlSSt-^^*J*«;*i^ 

[012] RTLieaic*3(t*f-^yni;'5-f T'^'Jco 

[013] RTLiea:tCfctt-l>>-'-h^--y hU^bO— 

1 1 
1 2 
1 3 

1 4 

2 1 
22 

23 
42 

4 3 

5 1 

6 3 
64 



& § iiTtIf r y n y i7 A 



[111] 

S31 



11 



1 



12 



t3 



14 



[08] 



18 



[09] 







r 


, ' 

US 












< 




LSlI 





81 



82 



83 



84 



[01 0] 



10 



module A(ia, out, dk); 


input in; 






output out; 






wire 1), 12; 






(UCiign il a . 


-in; 




as>ign i3 = - 


12; 






-i4; 




always @( p 




pdk) 


begin 






i2<* il; 






end 






always @( p 












i4 <= i3; 






end 






endintxtule 
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tiKHlule A(im out, dk); 

tnpultii; 

output out; 

wire il, i2; 

invd2 ulOtitil); 

invdO u2Ci2. 0): 

invdl u3{i4, out); 

fffl(il,i2,dk); 

iri2(Q.i4,dk): 

endmodulc 
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mvdQ(ia, oat) 


if) 


om 




in -> out:9ijS 


1 


umll(in, out) 


ID 


out 




in -> oiit:7os 


2 


inviP(in, out) 


io 


OOl 




m -> out:3n5 


3 


• * * 


• * • 




• • • 






S(in, Old, elk) 


m 
dk 


cot 


FF 


ia->out:0.5ns 
clk->cnitK).5DS 
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